During the development of multicellular organisms, gene expression is controlled by both the spatial organization of the genome in the nucleus and the nuclear architecture. Segments of chromatin adopt highly organized structures in confined subregions of the nucleus called chromosome territories (Marshall et al., 1997; Okamoto and Heard, 2009 ), localized to specific subnuclear domains. These domains include ''transcription factories,'' which encompass clusters of actively transcribing genes, and Polycomb group (PcG) bodies, which colocalize with stably repressed Hox genes in Drosophila.
Silencing of Hox genes requires longrange chromosomal interactions mediated by the PcG repressive complexes, which bind PcG response elements (PREs) of target genes (Vazquez et al., 2006; Mü ller and Verrijzer, 2009 ). Furthermore, the colocalization of PcG target genes within nuclear PcG bodies is regulated by the cell cycle (Buchenau et al., 1998) . However, in contrast to transcription factories, which clearly mediate gene expression, it is not known whether PcG bodies contribute to gene silencing directly through their component PcGrepressive complexes or indirectly by positioning their target genes in nuclear domains. Now, Bantignies et al. (2011) show that compartmentalization of longrange interactions of PREs in PcG bodies contributes to epigenetic silencing of Hox genes by PcG proteins.
Throughout the development of higher eukaryotes, the PcG genes maintain the regional identity of segments along the anterior-posterior (i.e., head-to-tail) axis of the embryo by repressing Hox genes in specific regions. The Hox genes are organized into two clusters in Drosophila. The Antennapedia genes control the formation of a portion of the head and anterior thorax (termed parasegments [PS] 1-4), whereas the Bithorax genes regulate differentiation of the posterior thorax and abdominal segments (PS5-14) of the fly ( Figure 1A) .
Silencing of the Bithorax gene cluster in anterior parasegments is thought to occur by two major types of chromosomal interactions. First, PREs are present within regulatory regions of Bithorax genes, and these PREs can silence genes by interacting in cis or in trans through the pairing of homologous chromosomes (Lewis 1954; Pirrotta 1999) . Second, long-range cis interactions between the PREs and their target promoters form higher-order three-dimensional (3D) chromatin structures, which also result in gene silencing in the anterior of the embryo (Lanzuolo et al., 2007 Figures 1B and 1C) . These long-range interactions between genes spaced 10 Mb apart require the PcG genes. These data together show that position-dependent association of PcG targets in PcG bodies correlates with silencing of the target.
To determine which regulatory elements of Abd-B mediate the longrange contacts to Antp, the authors use Chromosome Conformation Capture on Chip (4C). This variation of chromosome conformation capture allows for the unbiased determination of interacting sequences over large genomic regions. They find that two PREs, Fab-7 and Mcp of the Abd-B gene, interact with Antp. These PREs are highly enriched for the PcG-dependent repressive epigenetic mark, H3K27me3 (i.e., trimethylation of the lysine 27 on histone H3). Bantignies and colleagues then show that mutating Fab-7 partially derepresses expression of the genes pb, Dfd, Scr, and Antp in larval head tissues. Finally, the authors demonstrate that the long-range chromosomal contacts between Antp and Fab-7 are physiologically relevant. When they cross Fab-7 mutant flies (or Mcp1 mutants) with flies containing a sensitized allele of Antp (AntpNs), they observe an enhancement of the homeotic phenotypes of AntpNs, which is characteristic of PcG gene interactions.
Bantignies and colleagues argue that long-range intrachromosomal interactions of Antp and Abd-B represent a higher order of chromatin gene regulatory mechanism. However, the in vivo effect that the long-range interactions have on Antp repression can be detected only in sensitized genetic backgrounds. Therefore, it remains possible that these long-range interactions represent a transient association that acts independently of short-range repression mediated by PREs. Alternatively long-range interactions may play a secondary role, such as stabilizing other short-range cis or trans interactions between the two gene clusters. The authors tested the physiological relevance of only a limited number of the interactions detected between the Antennapedia and Bithorax gene clusters with 4C. Therefore, it remains to be seen whether the other long-range interactions exist between PREs of other genes and, if so, whether they are transient or perform compensatory roles in mutant chromosomes.
Another outstanding question is what mechanism targets the PREs to the PcG bodies? Most researchers assumed that association of PRE with PcG bodies was constitutive, yet Bantignies and colleagues observe long-range interactions of PREs at PcG bodies only in regions of embryos where Hox genes are silenced. Furthermore, most studies show that binding of PcG proteins to PREs is also constitutive, suggesting that PcG proteins are necessary, but not sufficient, for targeting PREs to PcG bodies. Therefore, one attractive hypothesis is that the default chromatin structure of Hox gene clusters is association of PREs with PcG bodies, and then gene activation somehow prevents this colocalization. Alternatively, non-PcG proteins or modified histones might recruit silenced genes to PcG bodies. This model predicts that individual PcG bodies could have different protein compositions, depending on which targets are present. This question could be addressed by determining whether PcG bodies in nuclei at different regions of the anterior-posterior axis are heterogeneous or whether they have uniform subunit composition or histone modifications. Indeed, the complex structure and regulation of Hox clusters may require specialized PcG bodies. If so, one would predict that Hox PREs would be recruited to a subset of PcG bodies within a nucleus and that other PREs would be recruited to a different subset. In that case, Hox-specific subsets of PcG bodies within a nucleus will have different subunit composition, histone modifications, or kinetics of association or dissociation compared to other PcG bodies.
Answers to these questions and those raised by the authors will shed more light on gene silencing by the nuclear architecture and the 3D structure of chromatin. The findings by Bantignies and colleagues suggest the exciting possibility that the selective association of PREs with silencing factories has a role in the epigenetic gene silencing by the PcG.
